Stable carbon isotope compositions as well as organic carbon contents and pyrolysis results of cored material are reported for the Pliocene to Pleistocene sediments from the Ocean Drilling Program (ODP) Sites 859, 860, 861, and 863. The δ 13 C values of kerogen show large variation with no downhole trend, ranging between -34.2%e and -22.6‰ with average values around -25‰, whereas the organic carbon contents in most sediment samples are consistently low (<0.5%) except for enrichment in the surface layer at Sites 859, 860, and 861. The δ 13 C values of kerogen indicate the kerogen in sediments of the Chile Margin has a predominantly terrestrial origin, and the fine-grained turbidite material is associated with terrestrial organic matter. The average δ 13 C values become lighter with increasing distance from land among three sites drilled along an east-west transect, suggesting fine turbidites with terrestrial organic matter are transported further offshore in this trench-slope setting.
INTRODUCTION
During Ocean Drilling Program Leg 141 in the vicinity of the Chile Triple Junction, the Pliocene to Pleistocene sedimentary sequences were recovered at four sites on the Chile continental slope (Fig, 1) . This paper reports the results of stable carbon isotope measurements, organic carbon contents, and pyrolysis results for samples collected at Sites 859, 860, 861, and 863 from Leg 141.
The carbon isotope compositions of organic matter in sediments are used to determine the variation of relative proportions of terrigenous and marine organic carbon inputs (Sackett, 1989) . In many marine environments, relative contributions of terrigenous and marine inputs have been documented through the use of stable carbon isotopes and paleoclimate has been inferred. The carbon isotope compositions of the kerogens have indicated the sediments of the Nankai accretionary prism, Japan contain a higher portion of terrestrial organic matter (Berner and Koch, 1993) . In the Gulf of Mexico, downcore variations have been correlated with glacial and interglacial episodes which are related to sea-level lowering and the changing influence of the Mississippi River (Parker et al., 1972; Newman et al., 1973) . The influence of glacial episodes on marine sequences has been also inferred from the isotopic compositions of organic matter in sediments of the Oman Margin (Muzka et al., 1991) , the Labrador Sea, and Baffin Bay (Macko, 1989) .
The use of δ 13 C values as a parameter of relative proportions of terrigenous and marine organic carbon inputs are based on the premise that the δ' 3 C values of organic material in sediments are reflective of the isotope composition of the source biota and do not change through diagenesis. The factors of diagenesis that may be of importance in affecting the carbon isotope composition include: (1) isotope effects during bacterial degradation of organic matter; (2) preferential elimination of compound groups and preferential preservation of others which differ significantly in δ 13 C from the average plant material; and (3) decarboxylation reactions, which would remove i3 Cenriched groups from the organic material leading to 13 C depletion in the residual (Deines, 1980) . However, consistent diagenetic trends in sediments are difficult to document (Deines, 1980; Galimov, 1980;  Lewis, S.D., Behrmann, J.H., Musgrave, R.J., and Cande, S.C. (Eds.), 1995. Proc. ODP, Sci. Results, 141: College Station, TX (Ocean Drilling Program) .
2 J APEX Research Center, 1-2-1 Hamada, Mihama-ku, Chiba 261, Japan.
3 Empresa Nacional del Petróleo, Refineria de Petróleos Concern S.A., Casilla 28-D, Vina del Mai, Chile. Sackett, 1989) . Thus these diagenetic factors above probably can account for only minor changes of 1 or 2‰ in the δ 13 C of organic carbon, but do not produce a significant carbon isotope shift in Miocene to Holocene sediments (Arthur et al., 1985; Dean et al., 1986) .
The carbon isotope composition of organic matter in sediments has been also used as a paleotemperature tool for studying deep-sea sediments, which is based on temperature-dependent fractionation of carbon isotopes by marine phytoplankton (Sackett, 1989) . The basic premise in the use of δ 13 C values of organic matter as a paleotemperature parameter is that all of the organic matter in the sediments was synthesized by algae growing in an open marine environment. The sediments from Leg 141 were predominantly deposited in a trenchslope environment and consist of continent-derived debris or turbidity flow deposits. This tool therefore can not be applied to the sediment in this study, and the variations in isotope signature possibly represent the variation of relative proportions of terrigenous and marine organic carbon inputs. This paper gives an overview of the origin of organic matter in relation to the trench-slope sedimentary environment near the Chile Triple Junction.
GEOLOGIC SETTING
At the Chile Triple Junction (Fig. 1 ) an active spreading ridge and adjacent young oceanic crust are being subducted beneath the continent of South America. During ODP Leg 141, Pliocene to Pleistocene sedimentary sequences were recovered at four sites. Three sites (859, 860, and 861) were drilled along an east-west dip transect about 35 km north of the Chile Triple Junction at water depths ranging from 1652 to 2741 m. Site 863 (2564 m water depth) was drilled at the base of a trench-slope basin directly above the subducted spreading axis as a strike transect with Site 859.
METHODS
Wet sediment samples were dried for 16 hours at 60°C and then crushed and acidified with 6N HC1 to remove carbonate. The carbonate-free residue was then washed, dried, and sonically extracted with a benzene-methanol mixture (7:3). A portion of dried material was then weighed and combusted in a quartz glass tube for 2 hr at 900°C in presence of purified cupric oxide wire and silver granule. The CO 2 gases obtained were cryogenically isolated from other combustion products and analyzed on a VG Isotech Sira Series II mass spectrometer. The carbon isotope ratios are reported in the usual δ-notation relative to the PDB (Pee Dee Belemnite) standard: The reproducibility of δ 13 C (‰) in combustion and measurement is within +0.2‰.
The total organic carbon (TOC) contents of carbonate-free residue were determined using Yanaco MT-3 CHN Corder. The TOC of the whole rock were calculated by correcting for carbonate removal.
Rock-Eval pyrolyses of whole rock samples was carried out using a Rock-Eval II as described by Espitalié et al. (1977) . Programmed pyrolysis of samples from 300°C to 550°C gives the amount of preformed hydrocarbons (Sj), the amount of hydrocarbons released during heating (S 2 ), and the amount of CO 2 released during pyrolysis to 390°C (S 3 ). These values provide the basis for calculation of the hydrogen index (HI), where HI = 100 × S 2 /TOC, the oxygen index (01), where OI = 100 × S 3 /TOC, the production index (PI), where PI = Sj/tSj + S 2 ]. The temperature of maximum hydrocarbon release during pyrolysis (T max ) is also obtained and can be interpreted as a measure of organic matter thermal maturity.
RESULTS AND DISCUSSION
The total organic carbon (TOC) contents of most samples are characterized by predominant low values, ranging from 0.2% to 0.5% and show no trend related to depth (Table 1) . These values are typical for modern open-marine environments (Mclver, 1975) and are similar to the sediments of Site 808, Nankai accretionary prism (Berner and Koch, 1993) . On the other hand, in the same trench-slope system, organic carbon contents are much higher in upwelling area off Peru (up to 9%; ten Haven et al., 1990) . During Leg 108 in the northwest African continental margin, upwelling Site 658 displays high organic contents of 0.5%^l%, whereas nonupwelling Sites 657 and 659 are characterized by low organic carbon values of less than 0.5% (Stein et al., 1989) . These comparisons with results obtained from the other areas suggest the low organic carbon contents in the Chile Margin is mainly attributed to the low productivity of organic matter in this area. The depth profiles of TOC from Sites 859, 860, 861, and 863 are shown in Figure 2 . The shipboard data of TOC values are also plotted in Figure 2 ; data were determined using a Rock-Eval II with a TOC module at Sites 859, 860, and 861 and calculated by subtraction of the inorganic carbon content determined using a coulometer from the total carbon content determined using a CNS analyzer at Site 863. These TOC values determined through three different analytical methods are well comparable. The surface layer (<l mbsf [meters below seafloor]) show relatively higher TOC values (>1.0%) at Sites 859, 860, and 861, whereas no surface enrichment is observed at Site 863. This surface enrichment at Site 859, 860, and 861 suggests that intensive bacterial degradation of organic matter occurs in near surface sediments at these sites. This is supported by the observation that high concentrations of bacterial methane exist at Site 859, 860, and 861, whereas methane is not abundant at Site 863 (Waseda and Didyk, this volume).
Rock-Eval pyrolysis was only carried out for the samples which contain more than 0.3% TOC, since rocks containing low TOC are most likely to be strongly affected by adsorption of pyrolysate by the mineral matrix, resulting in reduced S 2 and HI and increased T max and OI (Peters, 1986) . The S 2 values of many samples are too low (<0.2 mg/g) to derive reliable interpretations, or S 2 peaks in the pyrograms are broad or multiple. Since the T max values of those samples do not represent true maturity of sedimentary strata, we have eliminated those data (Table 1) . In spite of such data elimination, extensive scatter of the Rock-Eval T max values are observed, and no downhole maturity trend exists (Fig. 3) . Most of the data exceeds 430°C equivalent to the threshold level for oil generation. However, actual level of thermal maturity should be low since the shallow depth of burial of the sediments and low bottom hole temperature. Maximum temperature at the bottom of the borehole measured by wireline during Leg 141 is 65 °C at Site 863 . As mentioned above, the pyrograms of the samples occasionally contain multiple S 2 peaks, which suggest multiple inputs that include recycled components. Other samples have pyrograms in which the S 2 peaks are broad, partially resolved, and sloping humps. This pattern suggests that the clay-induced adsorption of the pyrolysates also contributes to the erroneously high T max values for some of the sediment samples.
The HI-OI diagram (Fig. 4) indicates the type of organic matter is Type III, terrestrial. This is consistent with the fact that the sediments have a turbidite and debris flow origin. However, taking into account the clay-induced adsorption effect, true HI values of organic matter maybe slightly higher. Therefore the sediments probably contain considerable amount of marine derived organic matter.
The carbon isotope compositions of kerogen range between -34.2 and -22.6‰ with average values around -25‰ (Table 1, Fig. 5 ). In recent sedimentary environments, the relative contributions of terrigenous and marine inputs have been estimated from stable carbon isotope compositions. Terrestrial plants are enriched in 12 C relative to marine plants. Tertiary kerogens of terrestrial origin have a carbon isotope range from -24‰ to-29%e and modern land plants of the C-3 photosynthetic cycle range from -24%e to -32‰, whereas marine plankton varies between -18‰ and-22%e (Schoell, 1984 , and literature cited therein). The carbon isotope values suggest that the kerogen in sediments of the Chile Margin has a predominantly terrestrial origin. This result is consistent with the result obtained from the carbon isotope data of kerogen in sediments of Site 808, Nankai accretionary prism, Japan (Berner and Koch, 1993) . In contrast, the organic matter in organic-rich sediments underlying active upwelling area off Peru has a predominantly marine planktonic and bacterial origin, with minor terrigenous contribution (ten Haven et al., 1990) . The relationship between the carbon isotope compositions and HI values show slightly positive correlation (Fig. 6) . HI values of marine organic matter are usually higher than terrestrial organic matter. The positive correlation is thus interpreted to indicate mixing of marine organic matter with heavier δ 13 C values and higher HI, and terrestrial organic matter with lighter δ 13 C values and lower HI. The average carbon isotope values become lighter with increasing distance from land (from Site 861 through 859) among three sites drilled along an east-west transect (Fig. 5) , and suggest an increasing terrigenous organic carbon flux with increasing distance from land. In normal shelf sediments, surficial sediments contain increasing amounts of the heavier isotope of carbon ( 13 C) with increasing distance from land and suggest a decreasing terrigenous carbon influence (Hedges and Parker, 1976) . The reverse relationship between the relative contribution of terrigenous organic carbon inputs and the distance from land is observed in continental slope sediments in this study. The comparison of the sedimentological core description ) and the δ 13 C values of kerogen revealed that samples taken from the section interpreted to be turbidites have lighter δ 13 values and samples taken from the section interpreted to be pelagic fallouts have heavier δ' 3 C values, indicating the fine-grained turbidite material is associated with terrestrial organic matter. Sediments in this region mainly consist of debris flow or turbidity flow deposits. At Site 861 sediments predominantly consist of sands and conglomerates which represent more proximal facies of debris flow or turbidity flow, whereas more distal facies of turbidity flow are deposited at Sites 859 and 860 (Fig. 7; Shipboard Scientific Party, 1992) . All samples for organic matter analyses were taken from the fine part of sediments. The proportions of fine particles in turbidite sequences increase with increasing distance from land. Therefore, the parts of fine sediments derived from muddy turbidites with terrigenous organic matter increase with increasing distance from land whereas the parts of fine sediments deposited by pelagic fallout containing more marine organic matter decrease with increasing distance from land. The δ 13 C values of kerogen at Site 859 and 860 show large fluctuations compared to Site 861 (Fig. 5) . Fine sediments sampled at Site 861 may represent predominantly pelagic fallouts with heavier δ 13 C values. On the other hand at Sites 859 and 860, some parts of muddy sections may represent turbidites with lighter δ 13 C values and some parts may represent pelagic fallouts.
Areal difference of marine organic productivity is another factor controlling the relative contributions of terrigenous and marine inputs to sediments. Since the production of marine organic matter is more active in coastal area than offshore area, the marine organic carbon flux decrease with increasing distance from land. Glacial environments also affect the transport of terrigenous material to sediments. In glacial periods, more terrigenous organic matter is transported to offshore due to sea-level lowering, and lateral transport of terrestrial debris is enhanced by ice rafting (Gearing et al., 1977) . Therefore, the variation of the δ 13 C values of kerogen may partially reflect glacial and interglacial episodes. 
SUMMARY
The δ 13 C values of kerogen show large variation with no downhole trend, ranging between -34.2‰ and -22.6‰ with average values around -25‰, whereas the organic carbon contents in sediments are consistently low except for enrichment in the surface layer at Sites 859, 860, and 861. The δ 3 C values of kerogen indicate the relative contributions of terrigenous and marine inputs to sediments. The relationship between the carbon isotope compositions and HI values show slightly positive correlation, indicating mixing of marine organic matter with heavier δ' 3 C values and higher HI and terrestrial organic matter with lighter δ 13 C values and lower HI. The comparison of the δ 13 C values of kerogen and sedimentological core description of samples revealed that samples taken from the section interpreted to be turbidites have lighter δ l3 C values and samples taken from the section inteΦreted to be pelagic fallouts have heavier δ 13 C values, indicating the fine-grained turbidite material is associated with terrestrial organic matter. The average carbon isotope values become lighter with increasing distance from land (from Site 861 through 859) among three sites drilled along an east-west transect, suggesting fine turbidites with terrestrial organic matter are transported further offshore in this trench-slope setting.
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